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This report describes an experimental model for
studying the toxicily of nonparticulate elr poliu-

model for the study of the toxicity of non-
particulate air pollutants. The second report
deals with the effect of inhalation of ozone
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on the levels of the coenzyme, nadide phos-
phate (NADP), in the tracheal mucosa of
the rat.

Experimental studies on the toxicity of air
pollutants have been largely limited to
changes in structure and functions of the
lungs and bronchial tree, mucous secretion
and ciliary motion, deposition and clearance
mechanisms, and chemical changes in lung
tissue homogenates.

Research tended to focus on those effects which
were easiest to measure, often at the expense of
the more delicate and loss dotectable changes
The investigation of respiratory function, for
example, has probably been overemphasized in
comparison to other physiological and biochem-
ical parameters.!

Specific therapy or prophylaxis for diseases
caused by toxic inhalants (and affecting the
respiratory system) is lacking, in spite of
numerous investigations that have been con-
ducted in this field.

The study of biochemical changes in vari-
ous tissues has been one means of elucidat-
ing disease mechanisms. In reference to air
pollutants, some investigators, eg, Scheel et
a)? and Buell et al,2 have described changes
in the chemical composition of lung tissue
homogenates following inhalation of ozone.
The interpretation of their findings, in terms
of the mechanism of toxicity of ozone, pre-
gsents several difficulties. The lung, unlike
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tary incident. It may vepresent a profile of a
multitude of changes, a “vector” of several
forces operating simultaneously. Further-
more, unless the chemical changes in the
different components of a lung tissue bhomog-
enate are additive, they may elude the in-
vestigator by nullifying each other.

The approach adopted by Spencert® in
the study of the role of smoking in the
etiology of bronchial carcinoma has been
adapted to the purpose of this investiga-
tion. He attempted to detect precancerous
‘biochemical lesions’ by the correlation of
piochemical changes in tracheal and bron-
chial epithelia with amoking habits and clin-
fcal records. Spencer'’s approacht required
the development of a method for the remov-
al of tracheal and bronchial epithelia from
human autopsy specimens. In this investiga-
tion his technique has been modified for the
preparation of epithelial cell suspensions
from the trachea of the rat.

This investigation was planned with two
goals in mind. The first goal was to develop
anexperimentalmodelforthesmdyofthe
toxicity of air pollutants, in terms of ‘bio-
chemical pathology.” A second goal was to
try to elucidate some of the of the
basic mechanism of ozone toxicity. Ozone
wasdxosenasﬁxetestgasbecameofils
prevalence under various environmental cir-
cumstances, notably its prominence in cer-
hinkhndsd‘unox.’ltalaodmreswiﬂx
other air pollutants, eg, oxides of nitrogen
and organic peroxide compoutds, the two
properties of being both an oxidant and an
irritant. Ozone is an important component
of the 106 Angeles smog.”® During periods
of high photochemical activity, it accounts
for 90%, or more of the total oxidant, while
nitrogen dioxide is the main component
when photochemical activity is low or
abgent.® The presence of ozone and its ef-
fects on human health in inert-gas-shielded

killed by stunning, and the tracheas were im-
mediately excised through a midline longitudi-
nal incision. A stream of ice-cold isotonic su-
crose-0.0IM edetic acid (EDTA) solution was
squeezed into the trachae lumen from a plastic
bottle through a fine-tipped nozzle, in order to
remove the mucus and blood aspirated by some
animals during death. The esophagus was then
excised and the trachea slit open along its
dorsal surface. The trachea was then trimmed
and further cleaned of mucus in a Petri dish,
using a soft camel-hair brush and ice-cold su-
crose-edetic acid solution.

The technique used for separation of the
epithelial cells lining the trachea was adapted
from the one reported by Spencert A large
subber stopper 4 inches in diameter, covered
with filter paper, was used (Fig 1). The open
traches was fixed on the rubber stopper with
insect pins, the trough formed facing upwards.
Swall volumes of ice-cold sucross-edetic acid
solution, 0.01 to 0.02 ml, were instilled on the
mucosal surface through disposable capillary-
glass micropipets. The epithdium was brought
into suspension using a No. 2 camel-hair brush,
with bristles trimmed to a length of approxi-
mnwly4mm'l‘heoequmﬁnlsteplofimﬁﬂing
sucrose-edetic acid solution, brshing off the
epithelium, and pipetting the cell suspension
out of the trachea were repeated until a total
volmme of 02 to 0.5 ml had accumulated. The
ﬁdesaswdluthebottom,ofﬁmh‘aebed
trough were brushed in order to harvest the
greatest number of cells.

The following procedure was used for cell
counting: After repeated passing of the cell
mnpmlioninamicrooyﬁnge,MSmloio.l%
methylene blue in the isotonic sucrose-edetic
acid solution, pH 74, was added to an equal
volume of epithelial saspension in the same
medium. In order to achieve thorough mixing
and further cell dispersion, the contents of the
tube were again passed several times through a
microsyringe. Counts of nuclei were made in a
hemacytometer chamber in the same fashion as
in counting white blood cells. The standard
error of counting was estimated by the method
of Bezkson et alit

Exposure of Animals to Ozone.—The ozone
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exposure apparatus is illustrated in Fig 2. Ozome -
was generated from pure oxygen (Ultra High
Purity Oxygen) obtsained from a commercial

arc welding have been described by several
authors 310
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The lung, unlike
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Fig 1.—Appamstus used
fation of epithelia! ceils from
trachea of the rat.

Fig 2.—Disgram of the ozone

exposure apparatus, showing ozone
generator (A), bell jar (B), mixing
vessal with giass beads (C), and
animal Inhatation chamber (D).

Silica gel
Membrane filter

Activated charcoal

Filtered air-ozonized
oxygen mixture

Ozonized oxygen  Pure oxygen
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manufacturer. Pure oxygen was preferred to air
for the purpose of generating ozone in order to
avdid simultaneous generation of nitrogen oxides
{from the nitrogen in the air). Svirbely and
Saltzmanl? reported that substances associnted
with ozone production from air (including ox-
idee of nitrogen) are unlikely to influence the
toxicity of ozcme in laboratory animals. Since
this study was planned to investigate some as-
pects of the basic mechsnism of injury by
ozone, and as an experimental model for tox-
fcity studies of other inhalants, the above-men-
tioned precaution was taken.

An ozone generator (Welzone R-2), labeled
A in Fig 2, was obtainod from a commercial
manufacturer. It was housed in a giass bell jar
(B in Fig 2) tightly fitting over a circular glass
plate, on which the ozonator was placed. The
inflow of pure oxygen to the bell jar was
controlled by a two-stage valve regulator con-
nected to the oxygen cylinder and measured
with a gas flowmeter.

Ozonized oxygen flowed through flexible tub-
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ing from the bell jar to a spherical mi

vemel (C in Fig 2). This vessel is 2,000 ml in
capacity and was filled with glass beads 8 mm
in dismeter. Fillered partinlly-dried air was

E

introduced into the mixing vessel through an- |

other inlet. This arrangement enhanced effi-
cient mixing of air and ozonized oxygem. A
stopeocked outlet, through which the air-oxy-
gen-ozone mixture flowed to the animal inhala-
tion chamber (D in Fig 2), was built in the
mixing vessel at a level higher than the upper-
most surface of the glass beads. The air used
for diluting ozonized oxygen was supplied from
a compressed-air line, It was passed through
activated charcoal to remove any mineral oil
that might have contaminated it from the com-
pressor, and through silica gel to dry it to 2
relative humidity of 40%, to 50%. The air was
then filtered through a membrane filter, 0.84 in
pore gize.

A glass desiccator, 8,000 ml in capacity, was
used as an animal inhslation chamber A thick
sheet of aluminum, with several holes drilled
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‘mmsheetmvedmaﬂaﬁomonwhichthe
% gnimal was placed during exposure to ozone,
d “$and helped o separate the rat from its excreta.

- 3+7he opening in the lid of the desiccator was
* gtted with a glass-to-glass cover through which

entered inlet and outlet tubes equipped with
" gopencks. Air flowed from the outlet of the
" inhalation chamber into a lsboratory hood in
which the whole exposure apparatus was
placed. The use of a glass desiccator as an
jnhalation chamber was adapted from Diggle
and Gage.13
Vinyl tubing (Tygon) was used as the tubing
material for flexible conmections in the en-
tire apparatus. Temperature in the inhalation
chomber was measured with an ordinary mer-
cury thermometer. Relative humidity was mea-

" gured with an indicator manufactured by an

industrial instrument company. The relative
humidity indicator was calibrated with a dry
and wet bulb thermometer. All gas flowmeters
were obtained from a commercial scientific
company and calibrated with a spirometer
{Collin’s).

Sixteen animals were used for comparison of
the ratio of reduced nadide phosphate
(NADPH) to oxidized nadide phosphate
(NADP') in normal animals to that ratio in
animals poisoned with ozone. The weight of the
control animals (meant SE) was 331 + 20 gm,
while that of the experimental group was
837 & 14 gm. Exposure to ozone was assigned
at random. The animals were exposed for 1
hour to 33 ppm ozone in an air-oxygen mix-
ture, supplied to the inhalation chamber at a
vate of 1,000 ml air and 50 ml okygen per
minute. Samples for analysis of the ozone con-
centration were taken at the inlet of the inhala-
tion chamber and analyzed by the neutral buf-
fered-potassium iodide method described by
Salizman 14

Results )

During the exposure period the animals
became lethargic after a few minutes, and
soon their breathing was labored. Gross ex-
amination of the lungs after inhalation of
ozone revealed congestion and subpleural
hemorrhages. Figures 3 and 4 illustrate the
effect on the lungs of ozone inhalation at a
concentration of 33 ppm. Histological exam-
ination of the trachea, excigsed immediately
after exposure of the animal to ozone, re-
vealed no abnormality that could be detect-
ed with the light microscope.
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The extent of removal of the epithelium
by this method was studied by examining
histological sections of the trachea before
and after separation of the cells. Figure 5
illustrates the appearance of the trachea of a
normal rat. Figures 6 and 7 show the ap-
pearance of the trachea after the epithelium
bad been removed by the brush method. The
submucosal layer remained intact. The ab-
sence of contamination of the epithelial cell
suspension with connective tissue was veri-
fied by phase-contrast microscopic examina-
tion of unstained cell smears and examina-
tion of stained preparations. The appearance
of the cells soon after they were separated
is illustrated in Fig 8. The brush technique
resulted in removal of sheets and clumps of
epithelium. Repeated passing of the cell sus-
pension in a micropipet effected partial sepa-
ration of the cell clumps. Repeated passing
through the orifice of a microsyringe resulted
in better separation of the cells, Figure 9
demonstrates the effect of repeated passing
of the cell suspension through the orifice of
a micropipet, while Fig 10 shows the results
of using a microsyringe for the same purpose.
Considerable breakage of the cells took place
when the microsyringe was used to disperse
the clunops. The cells were ground in tissue
homogenizer in preparation for the assay of
NADP* snd NADPH. Figure 11 illustrates
their appearance after homogenization.

The technique developed for the assay of
coenzyme made a total cell count neither
feasible nor essential. However, it was con-
sidered desirable to obtain an estimate of
the total number of cells isolated from one
trachea. Such an estimate was only approxi-
mate, since complete separation of the cell
clumps into individual cells was not at-
tained. The number of cells that could be
isolated from a trachea was of the order of
156 % 108 + 297, (mean + CV). In this
study the coefficient of variation is the
standard error, rather than the standard
deviation, calculated as percemtage of the
mean. For the purpose of this investigation,
we considered this way of expressing the
coefficient of variation more appropriate for
assessment of reproducibility.

Comment
The relevance of studying the epithelium

Arch Environ Health—Vol 22, May 1971
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section in trachea of normal
epithelium by brush method.

A part of the mcosa, from which ciliated epithellum ¢
was not removed, is shown (reduced from X 400).

Fig&.——l.ungofantvhlchmmedmforl
concentration

hour at a

of 33 ppm (reduced from
x 160).

Fig 5.~—Transverse section in the traches of a nor-
mal rat (reduced from X 400).

Sthelivm is
osions. Tracheal epithelium is one of the SEET fatal
earlier targets of contact with a highly rese BEg - ved in i
tive inhalant. Tt is biochemically active; it By igainst tox
gecretes mucus and transports it p ! the tract
ciliary motion. Thus, although tracheal epr | conta
l
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in trachea of normy

Hum by brush method,
nich ciliated epithelium

educed from X 400),

in trachea of normal
Hum by brush method,

(slightly reduced from

P

10.—Epithelial celfs isolated from the trachea
of the rat. Cell suspension had passed several
times through a microsyringe (reduced from x 400)

~—Epithellal cells isolated from the trachea
at(slinhﬂyreducedfromx&()).

n.—(—:ipmdral cells h::omod from the trachea
Fig 9 Epithelial cells isolated from the trachea rat. Cell suspension been ground in a tissue
ol the rat. Cell suspension had been passed several homogenizer (reduced from X 400).

bimes through a micropipet (reduced from x 640).
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